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AB Previous genetic and biochem. studies have confirmed that Hb and hemin 
utilization in Porphyromonas gingivalis is mediated by 
the outer membrane Hb and heme receptor HmuR, as well as gingipain K 
(Kgp) , a lysine-specif ic cysteine protease, and gingipain Rl (HRgpA) , one 
of two arginine-specif ic cysteine proteases. In this study we report on 
the binding specificity of the recombinant P. gingivalis 

HmuR protein and native gingipains for Hb, hemin, various porphyrins, and 
metalloporphyrins as assessed by spectrophotometric assays, by affinity 
chromatog., and by ELISA. Protoporphyrin, mesoporphyrin, 
deuteroporphyrin, hematoporphyrin, and some of their iron, copper, and 
zinc derivs. were examd. to evaluate the role of both the central metal 
ion and the peripheral substituents on binding to recombinant HmuR and 
sol. gingipains. Scatchard anal, of hemin binding to 
Escherichia coli cells expressing recombinant membrane-assocd . 
six-His-tagged HmuR yielded a linear plot with a binding affinity of 2.4 
.times. 10-5 M. Recombinant E. coli cells bound the iron, copper, and 
zinc derivs. of protoporphyrin IX (PPIX) with similar affinities, and 
approx. four times more tightly than PPIX itself, which suggests that the 
active site of HmuR contains a histidine that binds the metal ion in the 
porphyrin ring. Furthermore, we found that recombinant HmuR prefers the 
Et and vinyl side chains of the PPIX mol . to either the larger 
hydroxyethyl or smaller hydrogen side chains. Kgp and HRgpA were 
demonstrated to bind various porphyrins and metalloporphyrins with 
affinities similar to those for hemin, indicating that the binding of Kgp 
and HRgpA to these porphyrins does not require a metal within the 
porphyrin ring. We did not detect the binding of RgpB, the 
arginine-specif ic cysteine protease that lacks a C-terminal 
hemagglutinin domain, to Hb, porphyrins, or metalloporphyrins. 
Kgp and HRgpA, but not RgpB, were demonstrated to bind directly to sol. 
recombinant six-His-tagged HmuR. Several possible mechanisms for the 
cooperation between outer membrane receptor HmuR and proteases Kgp and 
HRgpA in hemin and Hb binding and utilization are discussed. 
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AB Porphyromonas gingivalis, a gram-neg. anaerobe, is one 

of the major causative agents of periodontal disease. In this study, the 
effects of chlorhexidine digluconate and hydrogen peroxide on the 
hemin binding of P. gingivalis and 

coaggregation of this bacterium with oral streptococci were examd. The 

pretreatment of P. gingivalis W50 and 381 with 

chlorhexidine digluconate and hydrogen peroxide increased the 

hemin binding of these bacteria. The hemin 

binding of P. gingivalis was increased by the 

subminimal inhibitory concn. (MIC) of chlorhexidine digluconate. However, 

concns. of hydrogen peroxide below the MIC had no effect on the 

hemin binding of P. gingivalis W50 

and 381. Coaggregation of P. gingivalis 381 with 

Streptococcus oralis ATCC 9811 and Streptococcus gordonii DL1 was 

diminished by chlorhexidine digluconate. The coaggregation-inhibitory 

effect was concn . -dependent . Hydrogen peroxide also showed inhibitory 

effects on the coaggregation of P. gingivalis 381 with 

S. oralis 9811 and S. gordonii DL1 at concns. below that used clin. 

Concns. of chlorhexidine digluconate below the MIC inhibited 

coaggregation. However, concns. of hydrogen peroxide below the MIC were 

not effective in reducing the coaggregation of P. 

gingivalis with oral streptococci. These observations show that 

chlorhexidine digluconate and hydrogen peroxide could confer variable 

effects on P. gingivalis hemin 

binding and coaggregation of this bacterium with oral 
streptococci . 
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AB The present invention relates generally to a method for the prophylaxis 
and treatment of infection by microorganisms in biol . environments from 
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where the microorganisms acquire iron, heme or porphyrin, generally but 
not exclusively for growth. Particular biol. environments contemplated by 
the present invention include but are not limited to vascular regions and 
cavities as well as mucosal membranes in animals including mammals, 
reptiles, amphibians and fish and in avian species as well as hooves of 
livestock animals. The method of the present invention involves 
interrupting, reducing or otherwise antagonizing the interaction between a 
microbial-derived polypeptide, such as but not limited to a polypeptide 
having cysteine proteinase activity, and a porphyrin-contg. mol . in such 
as heme. The present invention further provides agents useful in the 
prophylaxis and treatment of microbial infection of biol. environments 
such as vascular regions and cavities including mucosal membranes as well 
as hooves involving microbial acquisition of iron, heme or porphyrin. 
Such agents are particularly useful as components in therapeutic compns. 
Particularly important microbial infections targeted by the present 
invention involve infections in the oral cavity, nasopharynx, oropharynx, 
vagina and urethra in mammals such as humans. Other important microbial 
infections including infections of hooves in livestock animals such as 
sheep, cattle and goats. 
14875-96-8, Heme 
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AB Porphyromonas gingivalis is a gram-neg., anaerobic 

coccobacillus that has been implicated as a major etiol. agent in the 

development of chronic periodontitis. In this paper, we report the 

characterization of a protein, IhtB (iron heme transport, formerly 

designated Pga30), that is an outer membrane hemin- 

binding protein potentially involved in iron assimilation by 

P. gingivalis. IhtB was localized to the cell surface 

of P. gingivalis by Western blot anal, of a 

Sarkosyl-insol . outer membrane prepn. and by immunocytochem. staining of 
whole cells using IhtB peptide-specif ic antisera. The protein, released 
from the cell surface, was shown to bind to hemin using hemin-agarose . 
The growth of heme-limited, but not heme-replete, P. 
gingivalis cells was inhibited by preincubation with IhtB 
peptide-specif ic antisera. The ihtB gene was located between an open 
reading frame encoding a putative TonB-linked outer membrane receptor and 
three open reading frames that have sequence similarity to ATP binding 
cassette transport system operons in other bacteria. Anal, of the deduced 
amino acid sequence of IhtB showed significant similarity to the 
Salmonella typhimurium protein CbiK, a cobalt chelatase that is 
structurally related to the ATP-independent family of f errochelatases . 
Mol. modeling indicated that the IhtB amino acid sequence could be 
threaded onto the CbiK fold with the IhtB structural model contg. the 
active-site residues crit. for chelatase activity. These results suggest 
that IhtB is a peripheral outer membrane chelatase that may remove iron 
from heme prior to uptake by P. gingivalis. 
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Heme binding and uptake are considered fundamental to the growth and 
virulence of the gram-neg. periodontal pathogen Porphyromonas 
gingivalis. We therefore examd. the potential role of the 
dominant P. gingivalis cysteine proteinases 

(gingipains) in the acquisition of heme from the environment. A 
recombinant Hb-binding domain that is conserved between two predominant 
gingipains (domain HA2) demonstrated tight binding to hemin (Kd 
= 16 nM) , and binding was inhibited by iron-free protoporphyrin IX (Ki = 
2.5 .mu.M) , Hb binding to the gingipains and the recombinant HA2 
(rHA2) domain (Kd = 2.1 nM) was also inhibited by protoporphyrin IX (Ki = 
10 .mu.M) , demonstrating an essential interaction between the HA2 
domain and the heme moiety in Hb binding. Binding of rHA2 with either 
hemin, protoporphyrin IX, or hematoporphyrin was abolished by establishing 
covalent linkage of the protoporphyrin propionic acid side chains to fixed 
amines, demonstrating specific and directed binding of rHA2 to these 
protoporphyrins. A monoclonal antibody which recognizes a peptide epitope 
within the HA2 domain was employed to demonstrate that 
HA2-assocd. Hb-binding activity was expressed and released by 
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P. gingivalis cells in a batch culture, in parallel with 

proteinase activity. Cysteine proteinases from P. 

gingivalis appear to be multidomain proteins with functions for 

hemagglutination, erythrocyte lysis, proteolysis, and heme binding, as 

demonstrated here. Detailed understanding of the biochem. pathways for 

heme acquisition in P. gingivalis may allow precise 

targeting of this crit. metabolic aspect for periodontal disease 

prevention. 
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chemostat-grown hemin-excess and hemin-limited cells of 
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avirulent, beige-pigmenting variant W50/BE1, was quantified. Hemin-excess 
W50 bound more Hb than hemin-iimited W50, mirroring the hemin- 
binding ability of these cells [Microb Ecol Health Dis 7:9-15, 
1994], In contrast to hemin, Hb binding was not enhanced by sodium 
dithionite. The Hb-binding capacity of hemin-excess W50/BE1 was below 
that of hemin-limited W50 and only obsd. under oxidizing conditions. 
Scatchard anal, revealed similar affinity consts. for hemin-excess and 
hemin-limited W50, and confirmed a lower binding max. for the latter. 
Hemin-excess W50/BE1 displayed cooperative binding of Hb. These 
differences in binding were reflected in the binding of a horse radish 
peroxidase-conjugated Hb (HHRPO) in a dot-blot assay. However, neither 
the 32-kDa hemin -binding protein, nor its 19-kDa 

heat-modified form, from either hemin-limited W50 or hemin-excess W50/BE1, 
bound this conjugate. These data indicate that Hb binding by P. 
gingivalis is hemin-regulated and occurs via a mechanism different 
from hemin binding. 
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AB The prpRl gene of Porphyromonas gingivalis W50 encodes 

the polyprotein precursor (PrpRI) of an extracellular arginine-specif ic 
protease. PrpRI is organized into four distinct domains (pro, .alpha., 
.beta., and .gamma.) and is processed to a heterodimeric protein (RI) 
which comprises the .alpha, and .beta, components in a noncovalent assocn. 
The .alpha, component contains the protease active site, whereas the 
.beta, component appears to have a role in adherence and 
hemagglutinination processes. DNA sequences homologous to the 
coding region for the RI .beta, component are present at multiple loci on 
the P. gingivalis chromosome and may represent a 

family of related genes. In this report, we describe the cloning, 
sequence anal., and characterization of one of these homologous loci 
isolated in plasmid p JM7 . The 6041-bp P. gingivalis 

DNA fragment in pJM7 contains a major open reading frame of 3291 bp with 
coding potential for a protein with an Mr 118,700. An internal region of 
the deduced sequence (V304 to N7 68) shows 98% identity to the .beta, 
domain of PrpRI, and the recombinant product of pJM7 is immunoreactive 
with an antibody specific to the RI .beta, component. The N terminus of 
the deduced sequence has regional similarity to TonB-linked receptors 
which are frequently involved in periplasmic translocation of hemin, iron, 
colicins, or vitamin B12 in other bacteria. We have therefore designed 
this gene tla (TonB-linked adhesin) . In contrast to the parent strain, an 
isogenic mutant of P. gingivalis W50 in which the tla 

was insertionally inactivated was unable to grow in medium contg. low 
concns. of hemin (<2.5 mg liter-1), and hemin-depleted cells of this 
mutant failed to respond in an agar diffusion plate assay. These data 
suggest a role for this gene product in hemin acquisition and utilization. 
Furthermore, the mutant produced significantly less arginine- and 
lysine-specif ic protease activities than the parent strain, indicating 
that there may be a regulatory relationship between tla and other 
membranes of this family. 
IT 16009-13-5, Hemin 

RL: BSU (Biological study, unclassified); BIOL (Biological study) 
(Tla protein of Porphyromonas gingivalis W50: 

homolog of RI protease precursor (PrpRI) is outer membrane receptor 
required for growth on low levels of hemin) 
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AB A radioligand assay was designed to, detect and compare specific 
hemin binding by the periodontal anaerobic 
black-pigment ing bacteria (BPB) Porphyromonas gingivalis 
and Prevotella intermedia. The assay included physiol. concns . of the 
hemin-binding protein rabbit serum albumin (RSA) to 
prevent self-aggregation and nonspecific interaction of hemin with 
cellular components. Under these conditions, heme-starved P. intermedia 
cells (two strains) expressed a single binding site species (4,100 to 
4,600 sites/cell) with a dissocn. const. (Kd) of 1.0 .times. 10-9 M. 
Heme-starved P. gingivalis cells (two strains) 

expressed two binding site species; the higher-affinity site (1,000 to 
1,500 sites/cell) displayed a Kd of between 3.6 .times. 10-11 and 9.6 
.times. 10-11 M, whereas the estd. Kd of the lower-affinity site (1.9 
.times. 105 to 6.3 .times. 105 sites/cell) ranged between 2.6 .times. 10-7 
and 6.5 .times. 10-8 M. Specific binding was greatly diminished in 
heme-replete cells of either BPB species and was not displayed by 
iron-replete Escherichia coli cells, which bound as much hemin in the ' 
absence of RSA as did P. intermedia. Hemin binding by 

BPB was reduced following treatment with protein-modifying agents (heat, 
Pronase, and N-bromosuccinimide) and was blocked by protoporphyrin IX and 
Hb but not by Congo Red. Hemopexin also inhibited bacterial hemin 
binding. These findings indicate that both P. 
gingivalis and P. intermedia express heme-repressible 
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proteinaceous hemin-binding sites with affinities 
intermediate between those of serum albumin and hemopexin. P. 
gingivalis exhibited a 10-fold-greater specific binding affinity 
and greater heme storage capacity than did P. intermedia, suggesting that 
the former would be ecol. advantaged with respect to heme acquisition. 
IT 16009-13-5, Hemin 
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(detection and comparison of specific hemin binding 
by Porphyromonas gingivalis and Prevotella 
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Hemin binding as a factor xn 
virulence of Porphyromonas 
gingivalis 
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Hemin (iron protoporphyrin IX) 
periodontal pathogen, Porphyromonas gingivalis. Iron 
protoporphyrin IX (IPP IX) binding to the avirulent P. 
gingivalis beige variant (W50/BE1) and the black-pigmenting parent 
wild-type strain W50 was quantified. W50/BE1 grown in a chemostat under 
hemin excess-bound IPP IX under both oxidizing and reducing conditions but 
with both lower capacity and avidity than either the hemin-limited-and 
hemin-excess-grown parent strain W50. Rosenthal plots for W50/BE1 
indicated cooperative binding. W50/BE1 cells expressed a 32 kDa outer 
membrane hemin-binding protein when grown under 

conditions of hemin excess, and this strain might serve as a useful source 
from which to isolate this protein. The reduced IPP IX binding ability of 
W50/BE1 may be the rate-limiting factor for heme uptake and explain the 
reduced virulence and slower rate of pigmentation of this strain. 
16009-13-5, Hemin 
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TITLE: Hemin-induced modifications of the antigenicity and 

hemin -binding capacity of 
Porphyromonas gingival is 
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Previous studies have shown that the phys . , biochem., and antigenic 
properties of the bacterial outer membrane are profoundly influenced by 
the growth environment. In the present study, the effects of growth in 
hemin-replete (H+) and hemin-depleted (H-) media on the lipopolysaccharide 
(LPS) of the oral pathogen Porphyromonas gingivalis 
were investigated. Our studies show that LPS from P. 
gingivalis cultured in H+ media (H+LPS) expressed addnl . 

low-mol . -mass antigens, as detd. by sodium dodecyl sulf ate-polyacrylamide 
gel electrophoresis and Western blot (immunoblot) anal. Particularly 
evident was a 2 6-kDa antigen (26 LPSC) that was lost from the LPS upon 
transfer of P. gingivalis into H- media. The loss of 
the 26 LPSC was accompanied by a marked redn. in the hemin- 
binding capacity of the LPS. The 26 LPSC was refractory to 
Coomassie blue staining and proteinase K digestion H+ LPS from strain 
W50/BE1, a nonpigmented pleiotropic strain, lacked the 26 LPSC and did not 
bind hemin. Polyclonal antiserum raised to whole-cell antigens of 
P. gingivalis A7436, W83, and HG405 grown in H+ media, 
but not in H- media, from humans with (n = 24) or without (n - 25) 
periodontitis to the 26 LPSC and other H+LPS determinants were analyzed by 
Western blot. Overall, 75% of adult periodontitis patient sera reacted 
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with multiple bands in the H+LPS stepladder, particularly in the range of 
14 to 27 kDa. In contrast, only 20% of control sera reacted faintly with 
H+LPS bands in the range 27 to 34 kDa. The 26 LPSC was recognized by over 
40% of sera from adult patients with periodontitis and none of the healthy 
control sera. These results suggest that the antigenicity and 
hemin-binding properties of P. 

gingivalis LPS can be modified by growth in H+ media. 
IT 16009-13-5, Hemin 

RL: BPR (Biological process); BSU (Biological study, unclassified); BIOL 
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(hemin-induced modifications of the antigenicity and hemin- 
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Characterization of a Tn4351-generated hemin uptake 
mutant of Porphyromonas gingivalis 

: evidence for the coordinate regulation of virulence 
factors by hemin 
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gingivalis to acquire Fe in the 



Fe-limited environment of the host is crucial to the colonization of this 
organism. The isolation and characterization of a transpositional 
insertion mutant of P. gingivalis A7436 (designated 



Searched by Mary Jane Ruhl 605-1155 



Page 17 



Mayes 09/980,370 



24/06/2003 



MSM-3) which is defective in the utilization and transport of hemin are 
reported here. P. gingivalis MSM-3 was selected on 

the basis of its nonpigmented phenotype on anaerobic blood agar following 

mutagenesis with the Bacteroides fragilis transposon Tn4351. P. 

gingivalis MSM-3 grew poorly when supplied with hemin as a sole 

source of Fe; however, growth was obsd. with Hb or inorg. Fe. P 

. gingivalis MSM-3 grown in either hemin-replete or 

hemin-depleted conditions bound and transported less [14C] hemin or 

[59Fe] hemin than did the parent strain. At 4 h, P. 

gingivalis MSM-3 grown in hemin-replete conditions transported 

only 10,000 pmol hemin/mg protein, or 14% of the amt . transported by 

P. gingivalis A7436. Unlike P 

gingivalis A7 4 36, hemin binding and transport 

by gingivalis MSM-3 were not tightly regulated by hemin or Fe. Examn. of 
P. gingivalis MSM-3 cultures by electron microscopy 

revealed an overprodn. of membrane vesicles, and detn. of the dry wt . of 
purified vesicles indicated that P. gingivalis MSM-3 
produced twice as much membrane vesicles as did strain A74 36. 
Extracellular vesicles isolated from P. gingivalis 

MSM-3 also expressed more hemolytic and trypsin-like protease activities 
than the parent strain. When inoculated into s.c. chambers implanted in 
mice, P. gingivalis MSM-3 was highly infectious and 

more invasive than the parent strain, as indicated by secondary lesion 
formation and death. Taken together, these results indicate that the 
decreased transport of hemin by P. gingivalis MSM-3 

results in the increased expression of several virulence factors which may 
be coordinately regulated by hemin. 
IT 16009-13-5, Hemin 
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Binding and accumulation of hemin in 
Porphyromonas gingivalis are induced 
by hemin 

Genco, Caroline Attardo; Odusanya, Basil Michael; 
Brown, Gene 

Dep. Microbiology Immunology, Morehouse Sch. Med., 
Atlanta, GA, 30310, USA 

Infection and Immunity (1994), 62(7), 2885-92 
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Journal 
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Although hemin is an essential nutrient for the black-pigmented oral 
bacterium Porphyromonas gingivalis, the mechanisms 
involved in hemin binding and uptake are poorly 

defined. In this study, we have examd. the binding of hemin and Congo red 

(CR) to P. gingivalis whole cells and have defined the 

conditions for maximal binding. Addnl., the accumulation of hemin by 

P. gingivalis under growing conditions has been 

characterized. P. gingivalis A7436 was grown under 

hemin- or iron-deplete conditions (basal medium [BM] or Schaedler broth 
with dipyridyl [SBD] ) or under hemin- or iron-replete conditions (BM with 
hemin [BMH] or Schaedler broth [SB]), and hemin and CR binding were 
assessed spectrophotometrically . Binding of hemin by P. 
gingivalis whole cells was rapid and was obsd. in samples obtained 
from cells grown under hemin- and iron-replete and hemin-deplete 
conditions but was not obsd. in cells grown under iron limitation. We 
also found that P. gingivalis whole cells bound more 

hemin when grown in BMH or SB than cells grown in BM or SBD. Binding of 
CR by P. gingivalis A7436 was also enhanced when cells 
were grown in the presence of hemin or when cells were incubated with 
hemin prior to CR binding. Hemin binding and 

accumulation were also assessed using [14C] hemin and [59Fe] hemin under 
growing conditions. Both [14C] hemin and [59Fe] hemin were accumulated by 
P. gingivalis, indicating that iron and the porphyrin 

ring were taken into the cell. Binding and accumulation of hemin under 
growing conditions were also induced by growth of P. 
gingivalis in hemin-replete media. Hemin accumulation was "1 
inhibited by the addn, of KCN to P. gingivalis <J 
cultures, indicating that active transport was required for hemin uptake. 
[14C] hemin binding and accumulation were also 

inhibited by the addn. of either cold hemin or protoporphyrin IX. Taken 
together, these results indicate that P. gingivalis 

transports the entire hemin moiety into the cell and that the binding and 
accumulation of hemin are induced by growth of cultures in the presence of 
hemin. 
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Hem in uptake in Porphyromonas 
gingivalis: Omp26 is a hemin- 
binding surface protein 
Bramanti, Thomas E.; Holt, Stanley C. 
Health Sci. Cent., Univ. Texas, San Antonio, TX, 
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Journal of Bacteriology (1993), 175(22), 7413-20 
CODEN: JOBAAY ; ISSN: 0021-9193 
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A 26-kDa outer membrane protein (Omp26) has been proposed to play a role 
in hemin acquisition by Porphyromonas gingivalis. 
[55Fe]hemin uptake was studied in P. gingivalis grown 
under conditions of hemin starvation (Omp26 expressed on the outer 
membrane surface) and hemin excess (Omp26 not expressed on surface) . 
[55Fe] hemin within 3 min. P. gingivalis grown under 

hemin-starved conditions or treated with the iron chelator 2, 2 1 -bipyridyl 
to induce an iron stress took up six times more [55Fe] hemin than 
hemin-excess -grown cells. Polyclonal monospecific anti-Omp26 antibody 
added to hemin-starved cells inhibited [55Fe] hemin uptake by more than 
50%, whereas preimmune serum had no effect. [55Fe] hemin uptake in 
hemin-starved P. gingivalis was inhibited (36 to 67%) 

in the presence of equimolar amts. of unlabeled hemin, protoporphyrin IX, 
zinc protoporphyrin, and Congo red dye but was not inhibited in the 
presence of non-hemin-contg. iron sources- Heat shock treatment 
(4 5. degree.) of hemin-excess-grown P, gingivalis 

(which causes translocation of Omp26 to the surface) increased [55Fe] hemin 
uptake by 3-fold after 3 min in comparison with cells grown at 37. degree.. 
However, no [55Fe] hemin uptake beyond 3 min was obsd, in either 
hemin-excess-grown or hemin-starved cells exposed to heat shock. In 
expts. using heterobifunctional cross-linker anal., hemin and selected 
porphyrins were cross-linked to Omp26 in hemin-starved P. 
gingivalis, but no crosslinking was seen with hemin-excess-grown 
cells. However, crosslinking of hemin to Omp26 was obsd. after heat shock 
treatment of hemin-excess-grown cells. Finally, anti-Omp26 antibody 
inhibited crosslinking of hemin to Omp26. The findings indicate that 
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hemin binding and transport into the P. 
gingivalis cell is mediated by Omp2 6. 
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TITLE: Porphyrin-mediated cell surface heme capture from 
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ENTRY DATE: Entered STN: 20030416 
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AB The porphyrin requirements for growth recovery of Porphyromonas 
gingivalis in heme-depleted cultures are investigated. In 
addition to physiologically relevant sources of heme, growth recovery is 
stimulated by a number of noniron porphyrins. These data demonstrate 
that, as for Haemophilus influenzae, reliance on captured iron and on 
exogenous porphyrin is manifest as an absolute growth requirement for 
heme. A number of outer membrane proteins including some gingipains 
contain the hemoglobin receptor (HA2) domain. In cell surface 
extracts, polypeptides derived from HA2-containing proteins 
predominated in hemoglobin binding. The in vitro porphyrin-binding 
properties of a recombinant HA2 domain were investigated and 
found to be iron independent. Porphyrins that differ from protoporphyrin 
IX in only the vinyl aspect of the tetrapyrrole ring show comparable 
effects in competing with hemoglobin for HA2 and facilitate 
growth recovery. For some porphyrins which differ from protoporphyrin IX 
at both propionic acid side chains, the modification is detrimental in 
both these assays. Correlations of porphyrin competition and growth 
recovery imply that the HA2 domain acts as a high-affinity 
hemophore at the cell surface to capture porphyrin from hemoglobin. While 
some proteins involved with heme capture bind directly to the iron center, 
the HA2 domain of P. gingivalis recognizes 
heme by a mechanism that is solely porphyrin mediated. 
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A 35-kDa co-aggregation factor is a hemin 

binding protein in Porphyromonas 

gingivalis . 
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Journal; Article; (JOURNAL ARTICLE) 
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It has been known that Porphyromonas gingivalis has an 
obligate requirement for hemin or selected heme- or Fe-containing 
compounds for its growth. In addition, the influence of hemin on the 
expression of several putative virulence factors produced by this 
bacterium has also been recently documented; however, the mechanisms 
involved in hemin uptake are poorly defined. We succeeded in cloning the 
gene coding for the 35-kDa protein, which was specifically expressed in 
P. gingivalis and seemed to confer colonizing 
activities. Recently, we have constructed the P. 

gingivalis 381 mutant defective in the 35-kDa protein by insertion 
mutagenesis. The beige mutant exhibited little co-aggregation and the 
virulence was also decreased. Based on these results and homology search 
analysis, we focused on assessing the hemin bindings 

and found the heme regulatory motif - (HRM) as a hemin direct binding site. 
The 35-kDa protein did possess the binding ability of selected 
protoporphyrins involving the hemin. These results demonstrated that 
35-kDa protein is one of the hemin binding proteins in 
P. gingivalis and suggested that hemin 

binding ability of 35-kDa protein is important for the expression 
of virulence in P. gingivalis. 
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AB Background: Porphyromonas gingivalis has been 

implicated as an important pathogen in the development of chronic 
periodontitis, and its colonization of subgingival sites is critical in 
the pathogenic process. One potential virulence factor, 
hemagglutinin, may mediate bacteria attachment onto and 

penetration into host cells, as well as agglutinate and lyse erythrocytes 
to intake heme, an absolute requirement for growth. We previously cloned 
the gene encoding the 130 kDa hemagglutinin domain (130k HMGD) 
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and identified its functional domain. The construction of a human 
monoclonal antibody that is capable of inhibiting the hemagglutinating 
ability is significant and important toward the development of passive 
immunotherapy. Methods: Human lymphocytes isolated from a donor, who had 
high antibody titer against the recombinant 130k HMGD (rl30k HMGD) , were 
immortalized by Epstein-Barr virus, and specific antibody-producing B 
cells were established by panning using the rl30k HMGD. Results: The 
constructed HuMAb-HMGDl, IgG subclass, recognized the rl30k HMGD as well 
as the 43 and 4 9 kDa major bands in P. gingivalis 
cells and vesicles. The HuMAb-HMGDl significantly inhibited 
hemagglutinating activity of P. gingivalis vesicles in 
a dose-dependent manner. Furthermore, the HuMAb-HMGDl recognized the 
synthetic peptide, EGSNEFAPVQNLTGSSVG, which contains the functional 
domain of 130k HMGD. Conclusion: The newly constructed HuMAb-HMGDl may 
prove to be useful for the development of passive immunization against 
periodontal diseases caused by P. gingivalis 

infection, pending the results of fertility study in disease mode. 
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and hemin utilization in Poxphyromonas gingivalis is 

mediated by the outer membrane hemoglobin and heme receptor HmuR, as well 
as gingipain K (Kgp), a lysine-specif ic cysteine protease, and gingipain 
Rl (HRgpA) , one of two arginine-specif ic cysteine proteases. In this 
study we report on the binding specificity of the recombinant P. 
gingivalis HmuR protein and native gingipains for hemoglobin, 
hemin, various porphyrins, and metalloporphyrins as assessed by 
spectrophotometry assays, by affinity chromatography, and by 
enzyme-linked immunosorbent assay. Protoporphyrin, mesoporphyrin, 
deuteroporphyrin, hematoporphyrin, and some of their iron, copper, and 
zinc derivatives were examined to evaluate the role of both the central 
metal ion and the peripheral substituents on binding to recombinant HmuR 
and soluble gingipains. Scatchard analysis of hemin 
binding to Escherichia coli cells expressing recombinant 
membrane-associated six-His-tagged HmuR yielded a linear plot with a 
binding affinity of 2.4 x 10 (-5) M. Recombinant E. coli cells bound the 
iron, copper, and zinc derivatives of protoporphyrin IX (PPIX) with 
similar affinities, and approximately four times more tightly than PPIX 
itself, which suggests that the active site of HmuR contains a histidine 
that binds the metal ion in the porphyrin ring. Furthermore, we found 
that recombinant HmuR prefers the ethyl and vinyl side chains of the PPIX 
molecule to either the larger hydroxyethyl or smaller hydrogen side 
chains . ^ Kgp and HRgpA were demonstrated to bind various porphyrins and 
metalloporphyrins with affinities similar to those for hemin, indicating 
that the binding of Kgp and HRgpA to these porphyrins does not require a 
metal within the porphyrin ring. We did not detect the binding of RgpB, 
the arginine-specif ic cysteine protease that lacks a C-terminal 
hemagglutinin domain, to hemoglobin, porphyrins, or 

metalloporphyrins. Kgp and HRgpA, but not RgpB, were demonstrated to bind 
directly to soluble recombinant six-His-tagged HmuR. Several possible 
mechanisms for the cooperation between outer membrane receptor HmuR and 
proteases Kgp and HRgpA in hemin and hemoglobin binding and utilization 
are discussed. 
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hemin binding and coaggregation with oral 
streptococci . 
Lee S Y 
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Porphyromonas gingivalis, a gram-negative anaerobe, is 

one of the major causative agents of periodontal disease. In this study, 
the effects of chlorhexidine digluconate and hydrogen peroxide on the 
hemin binding of P. gingivalis and 

coaggregation of this bacterium with oral streptococci were examined. The 

pretreatment of P. gingivalis W50 and 381 with 

chlorhexidine digluconate and hydrogen peroxide increased the 

hemin binding of these bacteria. The hemin 

binding of P. gingivalis was increased by the 

subminimal inhibitory concentration (MIC) of chlorhexidine digluconate. 
However, concentrations of hydrogen peroxide below the MIC had no effect 
on the hemin binding of P. 

gingivalis W50 and 381. Coaggregation of P. 
gingivalis 381 with Streptococcus oralis ATCC 9811 and 

Streptococcus gordonii DL1 was diminished by chlorhexidine digluconate. 
The coaggregation-inhibitory effect was concentration-dependent. Hydrogen 
peroxide also showed inhibitory effects on the coaggregation of P 
. gingivalis 381 with S. oralis 9811 and S. gordonii DL1 at 
concentrations below that used clinically. Concentrations of 
chlorhexidine digluconate below the MIC inhibited coaggregation. However, 
concentrations of hydrogen peroxide below the MIC were not effective in 
reducing the coaggregation of P. gingivalis with oral 

streptococci. These observations show that chlorhexidine digluconate and 
hydrogen peroxide could confer variable effects on P. 
gingivalis hemin binding and coaggregation of 
this bacterium with oral streptococci. 
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SUMMARY LANGUAGE: English 

AB Porphyromonas gingivalis is a gram-negative, anaerobic 

coccobacillus that has been implicated as a major etiological agent in the 

development of chronic periodontitis. In this paper, we report the 

characterization of a protein, IhtB (iron heme transport; formerly 

designated Pga30), that is an outer membrane hemin- 

binding protein potentially involved in iron assimilation by 

P. gingivalis. IhtB was localized to the cell surface of 

P. gingivalis by Western blot analysis of a 

Sarkosyl-insoluble outer membrane preparation and by immunocytochemical 
staining of whole cells using IhtB peptide-specif ic antisera. The protein, 
released from the cell surface, was shown to bind to hemin using 
hemin-agarose. The growth of heme-limited, but not heme-replete, P 
. gingivalis cells was inhibited by preincubation with IhtB 
peptide-specif ic antisera. The ihtB gene was located between an open 
reading frame encoding a putative TonB-linked outer membrane receptor and 
three open reading frames that have sequence similarity to ATP binding 
cassette transport system operons in other bacteria. Analysis of the 
deduced amino acid sequence of IhtB showed significant similarity to the 
Salmonella typhimurium protein CbiK, a cobalt chelatase that is 
structurally related to the ATP-independent family of f errochelatases . 
Molecular modeling indicated that the IhtB amino acid sequence could be 
threaded onto the CbiK fold with the IhtB structural model containing the 
active-site residues critical for chelatase activity. These results 
suggest that IhtB is a peripheral outer membrane chelatase that may remove 
iron from heme prior to uptake by P. gingivalis. 
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AB Porphyromonas gingivalis produces arginine-specif ic 

cysteine proteinase (Arg-gingipain, RGP) and lysine-specif ic cysteine 
proteinase (Lys-gingipain, KGP) in the extracellular and cell-associated 
forms. Two separate genes (rgpA and rgpB) and a single gene (kgp) have 
been found to encode RGP and KGP, respectively. We constructed rgpA rgpB 
kgp triple mutants by homologous recombination with cloned rgp and kgp DNA 
interrupted by drug resistance gene markers. The triple mutants showed no 
RGP or KGP activity in either cell extracts or culture supernatants . The 
culture supernatants of the triple mutants grown in a rich medium had no 
proteolytic activity toward bovine serum albumin or gelatin derived from 
human type I collagen. Moreover, the mutants did not grow in a defined 
medium containing bovine serum albumin as the sole carbon/energy source. 
These results indicate that the proteolytic activity of P. 
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gingivalis toward bovine serum albumin and gelatin derived from 
human type I collagen appears to be attributable to RGP and KGP. The 
hemagglutinin gene hagA of P. gingivalis 

possesses the adhesin domain regions responsible for hemagglutination and 
hemoglobin binding that are also located in the C-terminal regions of rgpA 
and kgp. A rgpA kgp hagA triple mutant constructed in this study exhibited 
no hemagglutination using sheep erythrocytes or hemoglobin binding 
activity, as determined by a solid-phase binding assay with horseradish 
peroxidase-conjugated human hemoglobin, indicating that the adhesin 
domains seem to be particularly important for P. 

gingivalis cells to agglutinate erythrocytes and bind hemoglobin, 
leading to heme acquisition, 
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AB Porphyromonas gingivalis, an important periodontal 

disease pathogen, forms black-pigmented colonies on blood agar. 
Pigmentation is believed to result from accumulation of iron 
protoporphyrin IX (FePPIX) derived from erythrocytic hemoglobin. The 
Lys-X (Lys-gingipain) and Arg-X (Arg-gingipain) cysteine proteases of 
P. gingivalis bind and degrade erythrocytes. We have 

observed that mutations abolishing activity of the Lys-X-specif ic cysteine 
protease, Kgp, resulted in loss of black pigmentation of P. 
gingivalis W83. Because the hemagglutinating and hemolytic 
potentials of mutant strains were reduced but not eliminated, we 
hypothesized that this protease played a role in acquisition of FePPIX 
from hemoglobin. In contrast to Arg-gingipain, Lys-gingipain was not 
inhibited by hemin, suggesting that this protease played a role near the 
cell surface where high concentrations of hemin confer the black 
pigmentation. Human hemoglobin contains 11 Lys residues in the alpha 
chain and 10 Lys residues in the beta chain. In contrast, there are only 
three Arg residues in each of the alpha and beta chains. These 
observations are consistent with human hemoglobin being a preferred 
substrate for Lys-gingipain but not Arg-gingipain. The ability of the 
Lys-gingipain to cleave human hemoglobin at Lys residues was confirmed by 
electrospray ionization Fourier transform ion cyclotron resonance mass 
spectrometry of hemoglobin fragments resulting from digestion with the 
purified protease. We were able to detect several of the predicted 
hemoglobin fragments rendered by digestion with purified Lys-gingipain. 
Thus, we postulate that the Lys-gingipain of P. 

gingivalis is a hemoglobinase which plays a role in heme and iron 
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uptake by effecting the accumulation of FePPIX on the bacterial cell 
surface . 
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Heme binding and uptake are considered fundamental to the growth and 
virulence of the gram-negative periodontal pathogen Porphyromonas 
gingivalis. We therefore examined the potential role of the 
dominant P. gingivalis cysteine proteinases 

(gingipains) in the acquisition of heme from the environment. A 
recombinant hemoglobin-binding domain that is conserved between two 
predominant gingipains (domain HA2) demonstrated tight binding 
to hemin (Kd = 16 nM) , and binding was inhibited by iron-free 
protoporphyrin IX (Ki = 2.5 microM). Hemoglobin binding to the gingipains 
and the recombinant HA2 (rHA2) domain (Kd =2.1 nM) was also 
inhibited by protoporphyrin IX (Ki = 10 microM) , demonstrating an 
essential interaction between the HA2 domain and the heme moiety 
in hemoglobin binding. Binding of rHA2 with either hemin, protoporphyrin 
IX, or hematoporphyrin was abolished by establishing covalent linkage of 
the protoporphyrin propionic acid side chains to fixed amines, 
demonstrating specific and directed binding of rHA2 to these 
protoporphyrins. A monoclonal antibody which recognizes a peptide epitope 
within the HA2 domain was employed to demonstrate that 
HA2-associated hemoglobin-binding activity was expressed and 
released by P. gingivalis cells in a batch culture, in 
parallel with proteinase activity. Cysteine proteinases from P. 
gingivalis appear to be multidomain proteins with functions for 
hemagglutination, erythrocyte lysis, proteolysis, and heme binding, as 
demonstrated here. Detailed understanding of the biochemical pathways for 
heme acquisition in P. gingivalis may allow precise 
targeting of this critical metabolic aspect for periodontal disease 
prevention. 



L13 ANSWER 12 OF 32 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



AUTHOR: 

CORPORATE SOURCE: 



MEDLINE 
1998362001 MEDLINE 
98362001 PubMed ID: 9694880 

Involvement of a lysine-specif ic cysteine proteinase in 
hemoglobin adsorption and heme accumulation by 
Porphyromonas gingivalis . 

Okamoto K; Nakayama K; Kadowaki T; Abe N; Ratnayake D B; 
Yamamoto K 

Department of Pharmacology, Kyushu University Faculty of 



Searched by Mary Jane Ruhl 605-1155 



Page 29 



Mayes 09/980,370 



24/06/2003 



SOURCE 



PUB. COUNTRY: 
DOCUMENT TYPE: 
LANGUAGE : 
FILE SEGMENT: 
ENTRY MONTH: 
ENTRY DATE: 



AB 



Dentistry, Higashi-ku, Fukuoka 812-8582, Japan. 
JOURNAL OF BIOLOGICAL CHEMISTRY, (1998 Aug 14) 273 (33) 
21225-31. 

Journal code: 2985121R. ISSN: 0021-9258. 
United States 

Journal; Article; (JOURNAL ARTICLE) 
English 

Priority Journals 
199809 

Entered STN: 19980925 
Last Updated on STN: 20000303 
Entered Medline: 19980914 
The oral anaerobic bacterium Porphyromonas gingivalis, 

a major pathogen of advanced adult periodontitis, produces a novel class 
of cysteine proteinases in both cell-associated and secretory forms. A 
lysine-specif ic cysteine proteinase (Lys-gingipain, KGP) , as well as an 
arginine-specif ic cysteine proteinase (Arg-gingipain) , is a major 
trypsin-like proteinase of the organism. Recent studies indicate that the 
secreted KGP is implicated in the destruction of periodontal tissue and 
the disruption of host defense mechanisms. In this study, we have 
constructed a KGP-def icient mutant to determine whether the 
cell-associated KGP is important for pathophysiology of the organism. 
Although the mutant retained the strong ability to disrupt the 
bactericidal activity of polymorphonuclear leukocytes, its 
hemagglutination activity was reduced to about one-half that observed with 
the wild-type strain. More important , the mutant did not form 
black-pigment ed colonies on blood agar plates, indicating the defect of 
hemoglobin adsorption and heme accumulation. Immunoblot analysis showed 
that the expression of a 19-kDa hemoglobin receptor protein, which is 
thought to be responsible for hemoglobin binding by the organism, was 
greatly retarded in this mutant. The mutant also showed a marked decrease 
in the ability to degrade fibrinogen. These results suggest the possible 
involvement of KGP in the hemoglobin binding and heme accumulation of the 
organism and in the bleeding tendency in periodontal pockets. 
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P. gingivalis is considered to be a major pathogen of 

adult periodontitis. Among its cadre of putative virulence factors are 
hemagglutinins (adhesins) and proteases. We here report the 
cloning, sequencing and characterization of two genes, designated kgp(381) 
and hagD. Kgp(381), an open reading frame (ORF) of 1095 bp encoding a 
40.1 kda protein, has high homology to the proteolytic domain of cysteine 
protease /hemagglutinin genes. HagD, an ORF of 4077 bp encoding 
a 147.1 kda protein, contains one HArep sequence which establishes it as 
an additional member of the HArep multigene family. Although similar in 
sequence to kgp and prtP which were identified from strains HG66 and W12, 
respectively, the kgp (381 ) -hagD genes have several characteristics which 
distinguish them from kgp and prtP. Foremost among these is a single base 
difference which produces a termination codon and an immediate frame shift 
resulting in two ORFs in strain 381 as compared to one ORF in strains HG66 
and W12. In addition, a 172 amino acid sequence near the C-terminal end 
of hagD has very low identity (20.5-27.8%) to the corresponding region of 
kgp and prtP. These demonstrate that the homologue of kgp and prtP in 
strain 381 occurs as two separate genes which may genetically separate the 
adhesive and enzymatic domains of Kgp and PrtP proteins. Reverse 
polymerase chain reaction (PCR) analysis indicates that hagD expression is 
regulated by hemin concentration. 
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Hemoglobin binding to chemostat-grown hemin-excess and hemin-limited cells 
of Porphyromonas gingivalis W50, and to cells of the 

avirulent, beige-pigmenting variant W50/BE1, was quantified. Hemin-excess 
W50 bound more hemoglobin than hemin-limited W50, mirroring the 
hemin-binding ability of these cells [Microb Ecol Health 
Dis 7:9-15, 1994]. In contrast to hemin, hemoglobin binding was not 
enhanced by sodium dithionite. The hemoglobin-binding capacity of 
hemin-excess W50/BE1 was below that of hemin-limited W50 and only observed 
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under oxidizing conditions. Scatchard analysis revealed similar affinity 
constants for hemin-excess and hemin-limited W50, and confirmed a lower 
binding maximum for the latter. Hemin-excess W50/BE1 displayed 
cooperative binding of hemoglobin. These differences in binding were 
reflected in the binding of a horse radish peroxidase-conjugated 
hemoglobin (HHRPO) in a dot-blot assay. However, neither the 32-kDa 
hemin-binding protein, nor its 19-kDa heat-modified 

form, from either hemin-limited W50 or hemin-excess W50/BE1, bound this 
conjugate. These data indicate that hemoglobin binding by P. 
gingivalis is hemin-regulated and occurs via a mechanism different 
from hemin binding. 
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AB The prpRl gene of Porphyromonas gingivalis W50 

the polyprotein precursor (PrpRI) of an extracellular arginine-specif ic 
protease. PrpRI is organized into four distinct domains (pro, alpha, 
beta, and gamma) and is processed to a heterodimeric protease (RI) which 
comprises the alpha and beta components in a noncovalent association. The 
alpha component contains the protease active site, whereas the beta 
component appears to have a role in adherence and hemagglutination 
processes. DNA sequences homologous to the coding region for the RI beta 
component are present at multiple loci on the P. 

"gingivalis chromosome and may represent a family of related genes. 
In this report, we describe the cloning, sequence analysis, and 
characterization of one of these homologous loci isolated in plasmid pJM7 . 
The 6,041-bp P. gingivalis DNA fragment in pJM7 

contains a major open reading frame of 3,291 bp with coding potential for 
a protein with an Mr 118,700. An internal region of the deduced sequence 
(V304 to N768) shows 98% identity to the beta domain of PrpRI, and the 
recombinant product of pJM7 is immunoreactive with an antibody specific to 
the RI beta component. The N terminus of the deduced sequence has 
regional similarity to TonB-linked receptors which are frequently involved 
in periplasmic translocation of hemin, iron, colicins, or vitamin B12 in 
other bacteria. We have therefore designated this gene tla (TonB-linked 
adhesin) . In contrast to the parent strain, an isogenic mutant of 
P. gingivalis W50 in which the tla was insert ionally 

inactivated was unable to grow in medium containing low concentrations of 
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hemin (<2.5 mg liter(-l)), and hemin-depleted cells of this mutant failed 
to respond to hemin in an agar diffusion plate assay. These data suggest 
a role for this gene product in hemin acquisition and utilization. 
Furthermore, the mutant produced significantly less arginine- and 
lysine-specif ic protease activities than the parent strain, indicating 
that there may be a regulatory relationship between tla and other members 
of this gene family. 

L13 ANSWER 17 OF 32 MEDLINE DUPLICATE 6 

ACCESSION NUMBER: 97158652 MEDLINE 

DOCUMENT NUMBER: 97158652 PubMed ID: 9006012 

TITLE: Detection and comparison of specific hemin 

binding by Porphyromonas 

gingivalis and Prevotella intermedia. 
AUTHOR: Tompkins G R; Wood D P; Birchmeier K R 

CORPORATE SOURCE: Department of Oral Biology, School of Dentistry, Medical 

College of Georgia, Augusta 30912-1126, USA. . 
gtompkin@mail .meg. edu 

CONTRACT NUMBER: DE10272 (NIDCR) 

SOURCE: JOURNAL OF BACTERIOLOGY, (1997 Feb) 179 (3) 620-6. 

Journal code: 2985120R. ISSN: 0021-9193. 
PUB. COUNTRY: United States 

DOCUMENT TYPE: Journal; Article; (JOURNAL ARTICLE) 

LANGUAGE: English 

FILE SEGMENT: Priority Journals 

ENTRY MONTH: 199702 

ENTRY DATE: Entered STN: 19970313 

Last Updated on STN: 20000303 
Entered Medline: 19970228 ' 

AB A radioligand assay was designed to detect and compare specific 
hemin binding by the periodontal anaerobic 
black-pigment ing bacteria (BPB) Porphyromonas gingivalis 
and Prevotella intermedia. The assay included physiological 
concentrations of the hemin-binding protein rabbit 
serum albumin (RSA) to prevent self-aggregation and nonspecific 
interaction of hemin with cellular components. Under these conditions, 
heme-starved P. intermedia cells (two strains) expressed a single binding 
site species (4,100 to 4,600 sites/cell) with a dissociation constant (Kd) 
of 1.0 x 10 (-9) M. Heme-starved P. gingivalis cells 

(two strains) expressed two binding site species; the higher-affinity site 
(1,000 to 1,500 sites/cell) displayed a Kd of between 3.6 x 10 (-11) and 
9.6 x 10 (-11) M, whereas the estimated Kd of the lower-affinity site (1.9 
x 10(5) to 6.3 x 10(5) sites/cell) ranged between 2.6 x 10(-7) and 6.5 x 
10 (-8) M. Specific binding was greatly diminished in heme-replete cells 
of either BPB species and was not displayed by iron-replete Escherichia 
coli cells, which bound as much hemin in the absence of RSA as did P. 
intermedia. Hemin binding by BPB was reduced 

following treatment with protein-modifying agents (heat, pronase, and 

N-bromosuccinimide) and was blocked by protoporphyrin IX and hemoglobin 

but not by Congo red. Hemopexin also inhibited bacterial hemin 

binding. These findings indicate that both P. 

gingivalis and P. intermedia express heme-repressible 

proteinaceous hemin-binding sites with affinities 

intermediate between those of serum albumin and hemopexin. P. 

gingivalis exhibited a 10-f old-greater specific binding affinity 

and greater heme storage capacity than did P. intermedia, suggesting that 

the former would be ecologically advantaged with respect to heme 

acquisition. 
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AB Previous studies have shown that the physical, biochemical, and antigenic 
properties of the bacterial outer membrane are profoundly influenced by 
the growth environment. In the present study, the effects of growth in 
hemin-replete (H+) and hemin-depleted (H-) media on the lipopolysaccharide 
(LPS) of the oral pathogen Porphyromonas gingivalis 
were investigated. Our studies show that LPS from P. 
gingivalis cultured in H+ media (H+LPS) expressed additional 
low-molecular-mass antigens, as determined by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis and Western blot (immunoblot) 
analysis. Particularly evident was a 26-kDa antigen (26 LPSC) that was 
lost from the LPS upon transfer of P. gingivalis into 

H- media. The loss of the 26 LPSC was accompanied by a marked reduction 
in the hemin-binding capacity of the LPS. The 26 LPSC 
was refractory to Coomassie blue staining and proteinase K digestion. 
H+LPS from strain W50/BE1, a nonpigmented pleiotropic strain, lacked the 
26 LPSC and did not bind hemin. Polyclonal antiserum raised to whole-cell 
antigens of P. gingivalis A7436, W83, and HG405 grown 

in H+ media, but not in H- media, recognized the 26 LPSC in the purified 
H+LPS from any of the three strains. The immunoreactivities of sera from 
humans with (n = 24) or without (n = 25) periodontitis to the 26 LPSC and 
other H+LPS determinants were analyzed by Western blot. Overall, 75% of 
adult periodontitis patient sera reacted with multiple bands in the H+LPS 
stepladder, particularly in the range of 14 to 27 kDa . In contrast, only 
20% of control sera reacted faintly with H+LPS bands in the range 27 to 34 
kDa. The 26 LPSC was recognized by over 40% of sera from adult patients 
with periodontitis and none of the healthy control sera. Taken together, 
these results suggest that the antigenicity and hemin- 
binding properties of P. gingivalis LPS can be 
modified by growth in H+ media. 
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A 30 kDa (heated 24 kDa) hemin-binding protein whose 

expression is both hemin and iron regulated was identified and purified in 
Porphyromonas gingivalis 381. A strong hemin- 
binding function was found by LDS-PAGE and TMBZ staining when 
cells were grown under hemin (iron) -limited conditions. N-terminal amino 
acid sequence analysis of CNBr-digested 24 kDa hemin 
binding protein revealed that this protein belongs to a new, so 
far undescribed hemin-binding class of proteins. 
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AB A third hemagglutinin gene, defined as hagC, was cloned from 
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Porphyromonas gingivalis 381 and sequenced. This gene 

was found to encode a protein highly homologous (98.6%) to the previously 
reported HagB hemagglutinin protein. The upstream and 
downstream regions of hagB and hagC were found to share less than 40% 
homology compared with 99% for their open reading frames. The antigenic 
relationship between the two hemagglutinins was demonstrated by 
Western blot analysis. When expressed in an in vitro transcription- 
translation system, both genes encoded a protein with a molecular mass of 
4 9 kDa. As determined by reverse transcription polymerase chain reaction, 
the steady-state levels of hagB and hagC mRNAs were found to vary 
according to the growth phase and hemin concentration. The amount of 
transcripts decreased in hemin-limited conditions or in the absence of 
hemin. Furthermore, hagB mRNAs were detected in the early logarithmic 
growth phase compared with the hagC transcripts, which were detected only 
in the mid-exponential phase of growth. 
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Haemin (iron protoporphyrin IX) is an essential growth factor for the 
periodontal pathogen, Porphyromonas gingivalis. Iron 
protoporphyrin IX (IPP IX) binding to the avirulent P. 
gingivalis beige variant (W50/BE1) and the black-pigmenting parent 
wild-type strain W50 was quantified. W50/BE1 grown in a chemostat under 
haemin excess-bound IPP IX under both oxidising and reducing conditions 
but with both lower capacity and avidity than either the haemin-limited- 
and haemin-excess-grown parent strain W50. Rosenthal plots for W50/BE1 
indicated cooperative binding. W50/BE1 cells expressed a 32 JcDa outer 
membrane haemin-binding protein when grown under conditions of haemin 
excess, and this strain might serve as a useful source from which to 
isolate this protein. The reduced IPP IX binding ability of W50/BE1 may be 
the rate-limiting factor for haem uptake and explain the reduced virulence 
and slower rate of pigmentation of this strain. 
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AB The ability of Porphyromonas gingivalis to acquire 

iron in the iron-limited environment of the host is crucial to the 
colonization of this organism. We report here on the isolation and 
characterization of a transpositional insertion mutant of P. 
gingivalis A7436 (designated MSM-3) which is defective in the 
utilization and transport of hemin. P. gingivalis 

MSM-3 was selected on the basis of its nonpigmented phenotype on anaerobic 
blood agar following mutagenesis with the Bacteroides fragilis transposon 
Tn4351. P. gingivalis MSM-3 grew poorly when supplied 

with hemin as a sole source of iron; however, growth was observed with 
hemoglobin or inorganic iron. P. gingivalis MSM-3 

grown in either hemin-replete or hemin-depleted conditions bound and 
transported less [14C] hemin or [59Fe] hemin than did the parent strain. At 
4 h, P. gingivalis MSM-3 grown in hemin-replete 

conditions transported only 10,000 pmol of hemin per mg of protein, or 14% 

of the amount transported by P. gingivalis A7436. 

Unlike P. gingivalis A7436, hemin 

binding and transport by P. gingivalis MSM-3 

were not tightly regulated by hemin or iron. Examination of P. 
gingivalis MSM-3 cultures by electron microscopy revealed an 
overproduction of membrane vesicles, and determination of the dry weight 
of purified vesicles indicated that P. gingivalis 

MSM-3 produced twice as much membrane vesicles as did strain A7436. 
Extracellular vesicles isolated from P. gingivalis 

MSM-3 also were found to express increased hemolytic and trypsin-like 
protease activities compared with the parent strain. When inoculated into 
subcutaneous chambers implanted in mice, P. gingivalis 

MSM-3 was highly infectious and more invasive than the parent strain, as 
indicated by secondary lesion formation and death. Taken together, these 
results indicate that the decreased transport of hemin by P. 
gingivalis MSM-3 results in the increased expression of several 
virulence factors which may be coordinately regulated by hemin. 
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AB Although hemin is an essential nutrient for the black-pigmented oral 
bacterium Porphyromonas gingivalis, the mechanisms 
involved in hemin binding and uptake are poorly 

defined. In this study, we have examined the binding of hemin and Congo 

red (CR) to P. gingivalis whole cells and have defined 

the conditions for maximal binding. Additionally, the accumulation of 

hemin by P. gingivalis under growing conditions has 

been characterized. P. gingivalis A7436 was grown 

under hemin- or iron-deplete conditions (basal medium [BM] or Schaedler 
broth with dipyridyl [SBD] ) or under hemin- or iron-replete conditions (BM 
with hemin [BMH] or Schaedler broth [SB]), and hemin and CR binding were 
assessed spectrophotometrically . Binding of hemin by P. 
gingivalis whole cells was rapid and was observed in samples 
obtained from cells grown under hemin- and iron-replete and hemin-deplete 
conditions but was not observed in cells grown under iron limitation. We 
also found that P. gingivalis whole cells bound more 

hemin when grown in BMH or SB than cells grown in BM or SBD. Binding of 
CR by P. gingivalis A7436 was also enhanced when cells 
were grown in the presence of hemin or when cells were incubated with 
hemin prior to CR binding. Hemin binding and 

accumulation were also assessed using [14C] hemin and [59Fe] hemin under 
growing conditions. Both [14C] hemin and [59Fe] hemin were accumulated by 
P. gingivalis, indicating that iron and the porphyrin 

ring were taken into the cell. Binding and accumulation of hemin under 
growing conditions were also induced by growth of P. 
gingivalis in hemin-replete media. Hemin accumulation was 
inhibited by the addition of KCN to P. gingivalis 

cultures, indicating that active transport was required for hemin uptake. 
[14C] hemin binding and accumulation were also 

inhibited by the addition of either cold hemin or protoporphyrin IX. 
Taken together, these results indicate that P. 

gingivalis transports the entire hemin moiety into the cell and 
that the binding and accumulation of hemin are induced by growth of 
cultures in the presence of hemin. 
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AB Trypsin-like protease activity, hemagglutination activity, and 

accumulation of heme-containing compounds (black pigment) are considered 
to be virulence factors of Porphyromonas gingivalis. 
Transposon-mutagenesis was used for the first time to isolate 
pigment-deficient mutants. These mutants exhibited simultaneous 
deficiency in trypsin-like protease activity and hemagglutination 
activity. Two major membrane-associated proteins, observed by SDS-PAGE 
with the parent strain, were essentially absent from the mutant strains. 
Immunoblot analysis indicated that these two proteins correspond to 
putative hemagglutinin and hemagglutinin/protease 
products of P. gingivalis. Each mutant contained only 
one transposon insertion, thus the pleiotropic phenotype resulted from 
single site-specific mutations. The results indicate that trypsin-like 
protease activity is required for accumulation of protoheme from 
hemoglobin by P. gingivalis and that genetic and/or 

physiological linkage exists between trypsin-like protease activity and 
hemagglutination activity. 
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: Omp26 is a hemin -binding surface 

protein. 

AUTHOR: Bramanti T E; Holt S C 

CORPORATE SOURCE: Department of Periodontics, University of Texas Health 

Science Center at San Antonio 78284-7894. 
CONTRACT NUMBER: DE00152 (NIDCR) 
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AB A 26-kDa outer membrane protein (Omp2 6) has been proposed to play a role 
in hemin acquisition by Porphyromonas gingivalis (T. 

E. Bramanti and S . C. Holt, J. Bacteriol. 174:5827-5839, 1992). We 
studied [55Fe] hemin uptake in P. gingivalis grown 

under conditions of hemin starvation (Omp26 expressed on the outer 
membrane surface) and hemin excess (Omp26 not expressed on surface) . 
[55Fe] hemin uptake occurred rapidly in hemin-starved cells which 
incorporated up to 70% of total [55Fe] hemin within 3 min. P. 
gingivalis grown under hemin-starved conditions or treated with 
the iron chelator 2, 2 ' -bipyridyl to induce an iron stress took up six 
times more [55Fe] hemin than hemin-excess-grown cells. Polyclonal 
monospecific anti-Omp26 antibody added to hemin-starved cells inhibited 
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[55Fe]hemin uptake by more than 50%, whereas preimmune serum had no 
effect. [55Fe] hemin uptake in hemin-starved P. 

gingivalis was inhibited (36 to 67%) in the presence of equimolar 
amounts of unlabeled hemin, protoporphyrin IX, zinz protoporphyrin, and 
Congo red dye but was not .inhibited in the presence of 

non-hemin-containing iron sources. Heat shock treatment (45 degrees C) of 
hemin-excess-grown P. gingivalis (which cases 

translocation of Omp26 to the surface) increased [55Fe] hemin uptake by 
threefold after 3 min in comparison with cells grown at 37 degrees 
C. (ABSTRACT TRUNCATED AT 250 WORDS) 
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AB We recently identified a 26-kDa hemin-repressible outer membrane protein 
(Omp26) expressed by the periodontal pathogen Porphyromonas 
gingivalis. We report the localization of Omp26, which may 
function as a component of a hemin transport system in P. 
gingivalis. Under hemin-deprived conditions, P. 
gingivalis expressed Omp26, which was then lost from the surface 
after a shift back into hemin-rich conditions. Experiments with 1251 
labeling of surface proteins to examine the kinetics of mobilization of . 
Omp26 determined that it was rapidly (within less than 1 min) lost from 
the cell surface after transfer into a hemin-excess environment. When 
cells grown under conditions of hemin excess were treated with the iron 
chelator 2, 2 1 -bipyridyl, Omp26 was detected on the cell surface after 60 
min. One- and two-dimensional sodium dodecyl sulf ate-polyacrylamide gel 
electrophoresis and immunoblot analyses using purified anti-Omp26 
monospecific polyclonal immunoglobulin G antisera established that Omp26 
was heat modifiable (39 kDa unheated) and consisted of a single protein 
species. Immunogold labeling of negatively stained and chemically fixed 
thin-section specimens indicated that Omp26 was associated with the cell 
surface and outer leaflet of the P. gingivalis outer 
membrane in hemin-deprived conditions but was buried in the deeper 
recesses of the outer membrane in hemin-excess conditions. Analysis of 
subcellular fractions of P. gingivalis grown either in 

hemin-excess or hemin-deprived conditions detected Omp26 only in the cell 

envelope fraction, not in the cytoplasmic fraction or culture supernatant. 

Limited proteolytic digestion of hemin-deprived P. 

gingivalis with trypsin and proteinase K verified the surface 

location of Omp26 as well as its susceptibility to proteolytic digestion. 
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Heat shock treatment of hemin-excess-grown P. gingivalis 

also resulted in Omp26 translocation onto the outer membrane surface even 
in the presence of hemin. Furthermore, hemin repletion of heat-shocked, 
hemin-deprived P. gingivalis did not result in Omp26 

translocation off the outer membrane surface, suggesting that thermal 
stress inactivates this transmembrane event. This newly described outer 
membrane protein appears to be associated primarily with the outer 
membrane, in which it is exported to the outer membrane surface for 
hemin binding and may be imported across the outer 
membrane for intracellular hemin transport. 
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AB The present study indicates that the outer membranes of 
Porphyromonas gingivalis have a high affinity for hemin, 
an essential growth factor for this suspected periodontal pathogen. The 
hemin-binding property appears to be mediated by the 

lipopolysaccharides, particularly the lipid A region. It is suggested 
that this binding mechanism may be important for the growth and 
establishment of P. gingivalis in environments with a 
low hemin content such as periodontal pockets. 
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The present study indicates that the outer membranes of 
Porphyromonas gingivalis have a high affinity for hemin, 
an essential growth factor for this suspected periodontal pathogen. The 
hemin-binding property appears to be mediated by the 

lipopolysaccharides, particularly the lipid A region. It is suggested that 
this binding mechanism may be important for the growth and establishment 
of P. gingivalis in environments with a low hemin 
content such as periodontal pockets. 
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Hemin levels in culture medium of Porphyromonas 
(Bacteroides) gingivalis regulate both hemin 
binding and trypsinlike protease production. 
Carman R J; Ramakrishnan M D; Harper F H 
Medical Research Council Dental Research Unit, London 
Hospital Medical College, England. 
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Washed cells and Sarkosyl-insoluble outer membrane preparations of the 
black-pigmented bacteroides Porphyromonas gingivalis 

W50 bound hemin. The amount of hemin removed from a buffered solution by 
both cells and outer membranes was significantly larger if bacteria had 
been grown in broths supplemented with 5 mg of hemin per liter rather ^ than 
none. Conversely, cells grown without supplemental hemin bound relatively 
little. However, all preparations bound some hemin. In addition, hemin 
regulated the production of significantly higher levels of trypsinlike 
protease by P. gingivalis W50. The nonpigmented 

variant, W50 BE1, showed no such responses to the levels of hemin in the 
growth medium. 
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